Process for producing a hydrocarbon compo nent of biological origin 



Technical field 

5 

The invention relates to an improved process for producing a hydrocarbon com- 
ponent of biological origin from biological starting materials such as vegetable 
oils, animal fats and similar materials, this component being particularly useful in 
diesel fuels. 

10 

Prior art 

Ever increasing interest is directed to the use of hydrocarbon components of bio- 
logical origin in fuels since renewable biological starting materials that may re- 
15 place fossil ones are available, and the use thereof is desirable. One of the aims is 
also to promote the exploitation of wastes containing biological raw materials like 
animal carcasses. Several prior art processes for producing fuels from starting 
materials originating from plants and animals are known. 

20 FI 1 00248 discloses a two-step process for producing middle distillate from vege- 
table oil by hydrogenating the fatty acids or triglycerides of the vegetable oil to 
give n-paraffins and then by isomerizing said n-paraffins to obtain branched-chain 
paraffins. It was possible to improve the low temperature performance of the hy- 
drocarbon component produced by hydrogenating and isomerizing according to 

25 this process. The product is proven useful in solvents and as a diesel fuel compo- 
nent without any blending restrictions. 

Conversion of biomass feed stock is known from the document US 5 J 05 J 22 dis- 
closing a process for producing additives suitable for diesel fuels that improve the 
30 cetane number thereof, the feed stock being, for instance, tall oil, tree oil from 
deciduous trees, animal fats and mixtures thereof. The biomass feed stock is hy- 
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droprocessed by contacting with gaseous hydrogen under hydroprocessing condi- 
tions in the presence of a catalyst. The product mixture thus obtained is separated 
into fractions giving a hydrocarbon component that boils in the boiling range of a 
diesel fuel. Due to poor low temperature performance thereof, the component may 
5 not be used at low temperatures. 

The document GB 1 524 781 presents a method for producing hydrocarbons from 
vegetable oil. In this method, the vegetable oil feed stock is pyroly2ed in three 
zones at temperatures of 300-700 °C, in the presence of a catalyst. The hydrocar- 
1 0 bons thus obtained are separated and purified. 

Biological raw materials contain high amounts of oxygen that is converted to wa- 
ter, carbon monoxide and carbon dioxide during processing. Typically, the 
amount of water in vegetable oils varies between 7 and 1 1 % by weight, based on 
15 the feed stock. Moreover, such biological raw materials often contain nitrogen, 
sulphur and phosphorus that are known catalyst poisons and inhibitors inevitably 
reducing the service life of the catalyst and necessitating frequent regenerations 
thereof. 

20 Biological starting materials may be pretreated with suitable methods such as 
thermally, chemically and mechanically prior to the hydrodeoxygenation step that 
breaks the structure thereof, the step being referred to herein as the HDO step. 
HDO means removal of oxygen by means of hydrogen, that is, oxygen is removed 
while breaking the structure of the material. Olefinic double bonds are hydrogen- 

25 ated and any sulphur and nitrogen compounds are removed. Sulphur removal is 
called hydrodesulphurization (HDS). Pretreatment and purity of the raw materials 
contribute to the service life of the catalyst 

Generally in the H.DO/HDS step, hydrogen is mixed with the feed stock and then 
30 the mixture is passed through a catalyst bed as a co-current flow, either as a single 
phase or a two phase feed stock. After the HDO/HDS step, the product fraction is 
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separated and passed to a separate isomerization reactor. An isomerization reactor 
for biological starting material is described in the literature (FI 100 248) as a co- 
current reactor. 

5 Patent application FI 933982 discloses a process for producing a diesel fuel by 
hydrogenating a hydrocarbon feed, wherein the feed is passed as a co-current flow 
with hydrogen gas through a first hydrogenation zone, and thereafter the hydro- 
carbon effluent is further hydrogenated in a second hydrogenation zone by pass- 
ing hydrogen gas to the second hydrogenation zone as a counter-current flow rela- 
10 tive to the hydrocarbon effluent. 

Typically in the HDO step, a NiMo or CoMo catalyst is used, these catalysts hav- 
ing some resistance to catalyst poisons. The reactions in the HDO step are highly 
exothermic and necessitate high amounts of hydrogen. As for the isomerizing 

15 step, noble metal catalysts are used, these catalysts being very expensive and ex- 
tremely sensitive to catalyst poisons and water. In addition, biological components 
often give rise to precipitous by-products that may, for instance, cause a consider- 
able pressure drop. So far, no process configuration for combining the HDO step 
of the biological starting material and the isomerization process thereof has been 

20 proposed in the field for producing high quality diesel components, wherein the 
properties of the biological raw material are taken into consideration for said con- 
figuration. 

» 

As on the basis of the above teachings may be seen, there is an obvious need for 
25 an improved and simplified process for producing a hydrocarbon component from 
biological raw materials, problems associated with the prior art solutions being 
eliminated or at least substantially reduced by said process. 
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General description of the invention 

An object of the invention is to provide a process for producing a hydrocarbon 
component from biological raw materials. 

5 

An object of the invention is also to provide a process for producing a hydrocar- 
bon component from biological raw materials, said component being suitable as a 
diesel fuel or as a component thereof. 

10 The process of the invention comprises at least two steps, the first one of which is 
a HDO step and the second one is an isomerization step utilizing the counter- 
current principle, a biological raw material serving as the feed stock. 

Characteristic features of the process of the invention for producing a hydrocar- 
15 bon component from biological raw materials are disclosed in the appended 
claims. 

Detailed description of the invention 

20 It was surprisingly found that the problems of the prior art processes may be 
avoided or at least substantially reduced by the process of the invention having at 
least two steps. In the process of the invention, the counter-current flow principle 
is utilized in connection with a new type of feed stock material. In the first step of 
the process, i.e. in the hydrodeoxygenation step, hereinafter referred to as the 

25 HDO step, the structure of the biological component is decomposed, oxygen, ni- 
trogen, phosphorus and sulphur compounds, and light hydrocarbons as gas are 
removed, and the olefinic bonds are hydiogenated. In the second step of the proc- 
ess, i.e. in the so-called isomerization step, isomerization is carried out for branch- 
ing the hydrocarbon chain and improving the performance of the paraffin at low 

30 temperatures. 



As the feed stock, a biological raw material containing fatty acids and/or fatty acid 
esters that originate from plants, animals or fish is used, said biomaterial being 
selected from the group consisting of vegetable oils/fats, animal fats, fish oils and 
mixtures thereof. Examples of suitable biomaterials are wood-based and other 
plant-based fats and oils such as rapeseed oil, colza oil, canola oil, tali oil, sun- 
flower oil, soybean oil, hempseed oil, olive oil, linseed oil, mustard oil, palm oil, 
peanut oil, castor oil, coconut oil, as well as fats contained in plants bred by 
means of gene manipulation, animal-based fats such as lard, tallow, train oil, and 
fats contained in milk, as well as recycled fats of the food industry and mixtures 
of the above. 

The basic structural unit of a typical vegetable or animal fat useful as the feed 
stock is a triglyceride, that is a Wester of glycerol with three fatty acid molecules, 
having the structure presented in the following formula I: 



wherein Rj, R 2 and R3 are hydrocarbon chains, and Rt, R 2 , and R 3 may be satu- 
rated or unsaturated C 6 - C24 alkyl groups* The fatty acid composition may vary 
considerably in feed stocks of different origin. 

Mixtures of a biological raw material and hydrocarbon may also serve as the feed, 
and further, the hydrocarbon component obtained as the product may, if desired, 
be recycled back to the feed to control the exothermal character of the reactions. 

In the first step Le. HDO step of the process of the invention, hydrogen gas and 
the biological component to be hydrogenated are passed to a HDO catalyst bed 
system either as co-current or counter-current flows, said catalyst bed system 
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comprising one or more catalyst bed(s), preferably 1-3 catalyst beds. The HDO 
step is typically operated in a co-current manner. In case of a HDO catalyst bed 
system comprising two or more catalyst beds, one or more of the beds may be 
operated using the counter-current flow principle. In the HDO step, the pressure 
5 varies between 20 and 150 bar, preferably between 50 and 100 bar, and the tem- 
perature varies between 200 and 500 °C, preferably in the range of 300-400 °C In 
the HDO step, known hydrogenation catalysts containing metals from Group VIII 
and/or VIB of the Periodic System may be used. Preferably, the hydrogenation 
catalysts are supported Pd, Pt, Ni, NiMo or a CoMo catalysts, the support being 
10 alumina and/or silica, as described for instance in FI 100248. Typically, Ni- 
M0/AI2O3 and C0M0/AI2O3 catalysts are used. 

Prior to the HDO step, the biological raw material may optionally be treated by 
prehydrogenation under milder conditions thus avoiding side reactions of the dou- 

15 ble bonds. Such prehydrogenation is carried out in the presence of a prehydroge- 
nation catalyst at temperatures of 50-400 °C and at hydrogen pressures of 1-200 
bar, preferably at a temperature between 150 and 250 °C and at a hydrogen pres- 
sure between 10 and 100 bar. The catalyst may contain metals from Group VIII 
and/or VIB of the Periodic System. Preferably, the prehydrogenation catalyst is a 

20 supported Pd, Pt, Ni, NiMo or a CoMo catalyst, the support being alumina and/or 
silica. 

Typically, such prehydrogenation is carried out in co-current manner. When the 
prehydrogenation is almost complete, then white, saturated triglyceride, solid at 
25 room temperature and having an iodine number of below 2, is obtained. 

A gaseous stream from the HDO step containing hydrogen is cooled and then car- 
bon monoxide, carbon dioxide, nitrogen, phosphorus and sulphur compounds, 
gaseous light hydrocarbons and other impurities are removed therefrom. After 
30 compressing, the purified hydrogen or recycled hydrogen is returned back to the 
first catalyst bed and/or between the catalyst beds to make up for the withdrawn 
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gas stream. Water is removed from the condensed liquid. The liquid is passed to 
the first catalyst bed or between the catalyst beds. 

In the HDO step, a liquid stream may optionally be withdrawn from between 
5 and/or after the catalyst beds. The liquid stream is cooled and water is removed 
therefrom, and then it is returned back on the catalyst beds. 

Optionally, a product from the isomerization step or another suitable hydrocarbon 
may also be added to the feed of the HDO step. 

10 

After the HDO step, the product is subjected to an isomerization step. It is sub- 
stantial for the process that the impurities are removed as completely as possible 
before the hydrocarbons are contacted with the isomerization catalyst. The isom- 
erization step comprises an optional stripping step, wherein the reaction product 

15 from the HDO step may be purified by stripping with water vapour or a suitable 
gas such as light hydrocarbon, nitrogen or hydrogen. The optional stripping step is 
earned out in counter-current manner in a unit upstream of the isomerization cata- 
lyst, wherein the gas and liquid are contacted with each other, or before the actual 
isomerization reactor in a separate stripping unit utilizing counter-current princi- 

20 pie. 

After the stripping step the hydrogen gas and the hydrogenated biological compo- 
nent, and optionally an n-paraffin mixture, are passed to a reactive isomerization 
unit comprising one or several catalyst bed(s). The catalyst beds of the isomeriza- 
25 tion step may operate either in co-current or counter-current manner. 

It is essential for the process that the counter-current flow principle is applied in 
the isomerization step, hi the isomerization step this is done by carrying out either 
the optional stripping step or the isomerization reaction step or both in counter- 
30 current manner. 
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The isomerization step and the HDO step may be carried out in the same pressure 
vessel or in separate pressure vessels. Optional prehydrogenation may be carried 
out in a separate pressure vessel or in the same pressure vessel as the HDO and 
isomerization steps, 

5 

In the isomerization step, the pressure varies in the range of 20-150 bar, prefera- 
bly in the range of 20-100 bar, the temperature being between 200 and 500 °C, 
preferably between 300 and 400 °C. 

10 In the isomerization step, isomerization catalysts known as such may be used, as 
described e.g. in the document FI 100248. Suitable isomerization catalysts contain 
molecular sieve and/or a metal from Group VTH and/or a carrier. Preferably, the 
isomerization catalyst contains SAPO-11 or SAPO-41 or ZSM-22 or ZSM-23 or 
ferrierite and Pt, Pd or Ni and AI2O3 or S1O2, Typical isomerization catalysts are, 

15 for example, Pt/SAPO-ll/Al 2 0 3 , Pt/ZSM-22/Al 2 0 3 , Pt/ZSM-23/Al 2 0 3 and 
Pt/SAPO-ll/Si0 2 , 

As the product, a high quality hydrocarbon component of biological origin, useful 
as a diesel fuel or a component thereof, is obtained, the density, cetane number 
20 and performance at low temperature of said hydrocarbon component being excel- 
lent. 

The invention is now illustrated by means of Figures 1-S. 
25 Figures 

Figure 1 schematically shows the operation of the process of the invention, 
wherein the HDO step is run in co-current manner and the isomerization step in 
counter-current manner. 
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Figure 2 schematically shows another embodiment of the present invention, 
wherein the first catalyst bed of the HDO step is shown as co-current and the sec- 
ond as counter-current; the isomerization step is shown as counter-current. 
Figure 3 schematically shows a third embodiment of the present invention illus- 
5 trating the HDO step as co-current and the isomerization as counter-current. Ac- 
cording to the embodiment, after the HDO step, a liquid stream is withdrawn and 
then purified and returned back to the isomerization step. 

Figure 4 schematically shows a fourth embodiment of the present invention, com- 
prising prehydrogenation prior to the HDO step. 
10 Figure 5 schematically shows a fifth embodiment of the present invention, 
wherein both the counter-current and the co-current flow principle are used in the 
isomerization step 

Figure 1 shows one embodiment of the present invention, schematically illustrat- 
15 ing the operation of the process. In the Figure, the HDO step is run in co-cuirent 
manner and the isomerization step is run in counter-current manner. Both the 
HDO step and the isomerization step may be carried out in the same pressure ves- 
sel or in separate pressure vessels. 

20 Biological starting material 10 is passed to a first HDO catalyst bed 20 where 
condensed hydrocarbon is also passed as a recycled stream 41 having water re- 
moved therefrom. Recycled hydrogen 40 is mixed with the feed 10, and the recy- 
cled stream 41. 

25 A gas stream 42 is withdrawn both after the last HDO catalyst bed 21 and be- 
tween the catalyst beds 20 and 21, and further passed to a process unit 43, where 
said withdrawn gas streams are cooled and partly condensed, water is separated 
and purified hydrogen gas is compressed to give recycled hydrogen 40. Light hy- 
drocarbons, water, carbon monoxide, carbon dioxide, nitrogen, sulphur and phos- 

30 phorus compounds and other impurities are removed as stream 44. Condensed 
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hydrocarbons are returned as cooling streams (recycled streams) 41 to suitable 
catalyst beds. Recycled hydrogen 40 is partitioned between separate catalyst beds. 

The product from the HDO step is passed to an isomerization catalyst bed 30 
5 where fresh hydrogen is passed in counter-current manner as a stream 50, the 
cooling being carried out by means of the stream 41. After the isomerization, the 
products are passed as a stream 60 to product separation 70 where light compo- 
nents are separated as a stream 80 f heavy components as a stream 81 and the hy- 
drocarbon component/biodiesel product as a stream 82, 

10 

The presentation of Figure 1 is also valid for solutions wherein biological raw 
material is mixed with hydrocarbon. In the solution shown, the HDO step catalyst 
bed system may comprise one or more beds. In this case, streams withdrawn from 
between and recycled back to the catalyst beds may be eliminated, or such streams 
15 may be provided prior to or after each catalyst bed. In the process unit 43, delete- 
rious organic or inorganic acids may also be removed from the condensed hydro- 
carbon followed by recycling of the hydrocarbon stream back to the process. The 
isomerization step may also comprise one or several catalyst beds. 

20 Figure 2 shows another embodiment of the invention, schematically illustrating 
the operation of the process. In the Figure, the first catalyst bed 20 of the HDO 
step is presented as operated in co-current fashion. After the co-current catalyst 
bed, a counter-current HDO catalyst bed 21 is shown. The isomerization step 30 is 
shown as operated in counter-current manner. 

25 

Biological starting material 10 is passed to the first HDO catalyst bed 20, Con- 
densed hydrocarbon is also passed to the first catalyst bed as a stream 41 having 
water removed therefrom. Purification and cooling of the withdrawn streams are 
carried out at a unit 43, and then the streams are returned to the process as in Fig- 
30 ure 1. 
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Recycled hydrogen 40 is mixed with the feed 10 and with the recycled stream 41. 
In this embodiment, the feed is also mixed with an isomerization product 83 to 
dilute the feed to the HDO step. Impurities dissolved in the HDO product are re- 
moved therefrom by counter-current HDO bed 21, thus purifying the feed to the 
5 isomerization step. 

A gas stream 42 is withdrawn upstream of the counter-current HDO catalyst bed 
21 and passed to the process unit 43, where withdrawn gas streams are cooled and 
condensed and purified as described in Figure 1. 

10 

The product from the HDO step is passed to the isomerization catalyst bed, where 
isomerization is carried out as described in Figure 1. 

The presentation of Figure 2 is also valid for solutions comprising one or more 
15 catalyst bed(s) for the HDO step. In this case, streams withdrawn between the 
catalyst beds and recycled streams may be eliminated, or such streams may be 
provided prior to or after each catalyst bed. In the process unit 43, deleterious or- 
ganic or inorganic acids may also be removed from the condensed hydrocarbon 
followed by recycling of the hydrocarbon stream back to the process. The isom- 
20 erization step may also comprise one or several catalyst beds. 

Figure 3 shows still another embodiment of the invention* In the Figure, the HDO 
step is presented as operated in co-current and the isomerization in counter-current 
fashion. In this embodiment, a liquid stream is withdrawn downstream of the 
25 HDO step, followed by purification of said stream and recycling thereof back to 
the isomerization step. 

This embodiment corresponds to that of Figure 1 except that a liquid stream 91 is 
withdrawn downstream of the HDO catalyst bed 21, the stream 91 being passed to 
30 a purification step 90 and then, after purification and cooling, it is recycled back 
to the catalyst bed 30 of the isomerization step as a stream 92. In the purification 
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unit 90, the liquid stream is cooled Light hydrocarbons, hydrogen, water, carbon 
monoxide, carbon dioxide, nitrogen, sulphur and phosphorus compounds and 
other impurities are removed as a stream 93. Hydrocarbons are returned as cool- 
ing streams 92 to the catalyst beds of the isomerization step. 

5 

The presentation of Figure 3 is also valid for solutions comprising one or more 
catalyst bed(s) for the HDO step. In this case, streams withdrawn between the 
catalyst beds and recycled streams may be eliminated, or such streams may be 
provided prior to or after each catalyst bed. The solution also includes the cases 

10 wherein a liquid stream may be withdrawn from various places of the HDO step 
and returned between other catalyst beds. Hydrogen and other gaseous compo- 
nents separated in the purification step 90 may optionally be passed to the step 43 
for purification* In the process step 43 and 90, deleterious organic or inorganic 
acids may also be removed from the hydrocarbon prior to returning said hydro- 

15 carbon stream to the process. 

Figure 4 shows an embodiment of the invention illustrating a co-current prehy- 
drogenation preceding the HDO step, the HDO step being carried out in co- 
current manner and the isomerization step in counter-current manner* 

20 

Biological starting material 10 mixed with fresh hydrogen as a stream 50 is passed 
to a prehydrogenation reactor 15, and thereafter, the prehydrogenated product is 
passed as a stream 16 from the reactor 15 to a first HDO catalyst bed 20 also re- 
ceiving as a recycled stream 41 condensed hydrocarbon having water removed 
25 therefrom. Recycled hydrogen 40 is mixed with the biological raw material feed 
10 and the recycled stream 41 . Instead of fresh hydrogen, the biological raw mate- 
rial 10 may also be mixed with recycled hydrogen 40 prior to the prehydrogena- 
tion. Typically, the prehydrogenation reactor 15 is a co-current fixed bed reactor. 

30 Downstream of the last HDO catalyst bed 21 and between the catalyst beds 20 and 
21, a gas stream 42 is withdrawn and passed to the process step 43, wherein said 
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withdrawn gas streams are cooled and partly condensed, water is separated and 
the purified hydrogen gas is compressed to give recycled hydrogen 40. Light hy- 
drocarbons, water, carbon monoxide, carbon dioxide, nitrogen, sulphur and phos- 
phorus compounds and other impurities are removed as a stream 44* Condensed 
5 hydrocarbons are returned as cooling streams (recycled streams) 41 to suitable 
catalyst beds. Recycled hydrogen 40 is partitioned between various catalyst beds. 

The product from the HDO step is passed to the catalyst bed 30 of the isomeriza- 
tion step also receiving fresh hydrogen in counter-current manner as a stream 50, 
10 the cooling being carried out by means of the stream 41- After isomerization, the 
products are passed as a stream 60 to product separation 70, where light compo- 
nents are separated as a stream 80 7 heavy components as a stream 81 and the hy- 
drocarbon component/biodiesel product as a stream 82. 

15 Figure 4 presents an embodiment having the prehydrogenation connected to the 
embodiment of Figure 1. The prehydrogenation may also be connected to the em- 
bodiments of Figures 2 and 3 and to the variations of the above embodiments. The 
hydrogenation reactor may also be fluidized, have a mobilized bed, be a mixed 
container reactor of the CSTR type, or a fixed bed counter-current reactor. 

20 

Figure 5 shows an embodiment schematically illustrating the operation of the 
process in a situation where part of the isomerization step operates utilizing the 
co-current flow principle. 

25 Biological starting material 10 is passed to a first HDO catalyst bed 20 where 
condensed hydrocarbon is also passed as a recycled stream 41 having water re- 
moved therefrom. Recycled hydrogen 40 is mixed with the feed 10, and the recy- 
cled stream 41. 

30 Downstream of the last HDO catalyst bed 21 and between the catalyst beds 20 and 
21, a gas stream 42 is withdrawn and passed to the process step 43, wherein said 
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withdrawn gas streams are cooled and partly condensed, water is separated and 
the purified hydrogen gas is compressed to give recycled hydrogen 40 and 50. 
Light hydrocarbons, water, carbon monoxide, carbon dioxide, nitrogen, sulphur 
and phosphorus compounds and other impurities are removed as a stream 44. 
5 Condensed hydrocarbons are returned as cooling streams (recycled streams) 41 to 
suitable catalyst beds. Recycled hydrogen 40 is partitioned between various cata- 
lyst beds. 

The product from the HDO step is passed to a stripping unit 30 of the isomeriza- 
10 tion step where fresh hydrogen is passed in counter-current manner as a stream 
50; recycled hydrogen 40 may also optionally be used. The stripping unit 30 may 
comprise conventional distillation trays or packings and its under part may also 
contain a catalyst layer. The second part 31 of the isomerization step is carried out 
in co-current manner and always contains a catalyst layer. Streams 51 containing 
15 hydrogen are passed from the isomerization to hydrogen recovery and, if neces- 
sary, to be compressed. The fresh hydrogen can be passed to the isomerization 
unit together with the streams 50. 

After isomerization, the products are passed as a stream 60 to product separation 
20 70, where light components are separated as a stream 80, heavy components as a 
stream 81 and the hydrocarbon component/biodiesel product as a stream 82. 

However, it should be appreciated that the invention is not restricted to the em- 
bodiments described above or to combinations thereof. There are also other ways 
25 than those particularly described above to carry out the invention without deviat- 
ing from the scope of the appended claims. 

In the process of the invention, the counter-current operation can be utilized for 
processing a novel type of raw material. The co-current operation typically used 
30 in the HDO step results in low partial pressure of hydrogen, a great gas stream and 
poisoning of the catalyst at the downstream end of the catalyst bed. In the HDO 



15 



step, the poisoning of the catalyst is accelerated by water, carbon monoxide and 
carbon dioxide. In addition, the nitrogen, sulphur and phosphorus compounds 
reacted in the HDO step become part of the gaseous phase. Catalyst poisons can 
be removed by u tilizin g the counter-current operation in the isomerization and/or 
5 HDO step. The service life of the catalysts may be extended both in the HDO step 
and the isomerization step by removing by-products produced from the withdrawn 
streams and from the streams to be recycled. The counter-current operation may 
be carried out in a layer packed with a catalyst, in a layer filled with inert packings 
or simply by contacting the gas from the latter process steps with the liquid stream 
10 from one or more of the preceding process steps. 

A major part of the HDO treated product is also vaporized under the conditions of 
the HDO step. In some cases the amount of the vaporized liquid is so great that 
the temperature of the reactor may be controlled by withdrawn and recycled 

15 streams, or, alternatively, the temperature control may be achieved by extracting 
liquid from the process, cooling it and returning it to the process. Water is sepa- 
rated from the condensed liquid, water-soluble impurities being entrained 
therewith. Condensed hydrocarbon may also be purified with conventional meth- 
ods prior to recycling back to the process. One example is the neutralization of the 

20 condensed harmful acids from the hydrocarbon streams and washing with water 
prior to recycling. 

With the optional prehydrogenation step, side reactions of the double bonds such 
as polymerization, ring formation and aromatization may be reduced, such side 
25 reactions causing the catalyst to coke, and thus shortening the operation period. 
The yield of the final product (diesei) is also considerably improved by the prehy- 
drogenation. 

In the isomerization step, gas and liquid move first as counter-current flows to an 
30 optional stripping unit The counter-current operation may also be applied, if nec- 
essary, to one or several catalyst beds. This way the valuable noble metal catalyst 
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can be effectively protected* Fresh hydrogen from the isomerization step can be 
passed directly to the HDO reactor without compression. The isomerization pres- 
sure may also be lower than that in the HDO step. In the isomerization, low 
amounts of hydrogen are consumed meaning that no recycling of hydrogen is nec- 
5 essarily required in the isomerization. Significant savings in the investment costs 
are possible by placing the HDO and isomerization steps in the same housing. 

Advantages of the simplified process of the invention also include the protection 
of the isomerization catalyst, thus preventing it from deactivating. Due to the 
10 counter-cuirent operation principle the water content in the liquid phase is also 
reduced. Water is removed prior to contacting the hydrocarbon with the isomeri- 
zation catalyst. This also reduces the deactivation of the isomerization catalyst 

Moreover, it is surprising that the use of a biological feed stock in the process is 
15 possible, which feed stock may originate from several different sources, and the 
composition of the feed may vary considerably without affecting the quality of the 
end product. 

The low temperature performance of the product produced with the process of the 
20 invention is considerably better than that of a products obtained using prior art 
processes. The turbidity point of the product may even be below -30 °C, and ac- 
cordingly, it is also well suited to be used in demanding cold conditions* 

The invention is now illustrated with the following examples without, however, 
25 intending to limit the scope thereof. 

EXAMPLES 

Example 1 

30 Production of a hydrocarbon component from tall oil fatty acid fraction (TOFA) 
using the process of the invention 
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TOFA was used as the feed stock, having the typical characteristics shown in Ta- 
ble 1 below. 



5 
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Table 1 

TOFA (Tall Oil Fatty Acid) 



Property 


Numerical value 


Acid number 


194 


Saponification number 


195 


Resin acids 


1,9 % 


Unsaponified 


2,4 % 


Iodine number (Wys) 


152 


Colour °G 


4-5 


Density (20 °C) 


910kg/m 3 


Refractive Index nD20 


1,471 


Fatty acid composition, % (typical) 


16:0 


0,4 


17:0 ai 


0,6 


18:0 


1,1 


18:1 (9) 


30,2 


18:1 (11) 


1,1 


18:2 (5,9) 


1,0 


18:2(9,12) 


41,7 


19:1 (9) ai 


0,6 


18:3 (5,9,12) . 


9,0 


19:2 (5,9) ai 


0,3 


19:2 (9,12) ai 


0,3 


18:3 (9,12,15) 


0,6 


20:0 


0,4 


18:2 conjug. 


5,5 


18:3 conjug 


2,1 


20:2 (11,14) 


0,2 


20:3(5,11,14) 


1.1 
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20:3 (7,11,14) 


0,2 


Others 


3,6 


Total 


100,0 



HDO step 

In the HDO step, the TOFA was hydrogenated using the typical desulphurization 
5 catalyst NiMo/AhCb of middle distillates. Aqueous phase formed in an amount of 
about 10 % by weight was separated from the product. 

Isomerization step 

10 The catalyst was prepared using a typical process for producing a catalyst, and 
then ground and sieved. The catalyst was loaded to a tubular reactor and reduced 
at normal pressure with a hydrogen stream at 350-450 9 C for one hour. The cata- 
lyst was cooled to the temperature of 150 °C prior to pressurization and starting 
the hydrogenated TOFA feed. The isomerization conditions were as follows: tem- 

15 perature 250-400 °C; hydrogen pressure: 50 bar, feed flow rate: WHSV 3 1/h; 
and hydrogen flow rate H 2 HC = 500 1/h. 

Table 2 below shows the properties of the hydrocarbon component obtained with 
the process, that is, the properties of the TOFA obtained after the HDO and isom- 
20 erization steps. 
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Table 2 

The properties of the processed TOFA 



Analysis 




Method 
ASTM 


Processed TOFA 


Density 50 °C 


kg/m 3 


D4052 


769,7 


Sulphur 


mg/kg 




0 


Br-index 






aAJ\J 


Turbidity point 


op 




.10 


oouaincanon pomx 




D97 


-12 


r litcrauijuiy 


c 


EN116 


-11 


Tlictil Iflti rm 
j-/ io Lilian vii 


TA/°C 


D86 


122 




5 ml/°C 




268 




lOrnl^C 




280 








30ml/ o C 




295 












297 




50ml/°C 










299 




70ml/°C 




304 








90ml/°C 




314 




95ml/°C 




342 




TlVrnVC 






Cetane number 




D643 


>74 


n-Paraffins 


% by weight 


GC-MS 


13 


i-Paraffins 


% by weight 


GC-MS 


73 



The properties of TOFA processed according to the invention are excellent. The 
performance at low temperature is considerably improved by the isomerization 
without decreasing the cetane number. The product is very suitable as a compo- 
nent in diesel fuels without any blending restrictions, and it is also useful in sol- 
vents. 
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Example 2 

Prehydrogenation according to the invention of alkali-refined rapeseed oil 

5 Prehydrogenations were carried out in an autoclave at the temperature of 100-290 
°C and at the pressure of 30-35 bar. Alkali-refined rapeseed oil served as the feed 
stock. Table 3 shows some properties of the rapeseed oil feed and the prehydro- 
genated product. As may be seen from the properties of the prehydrogenated 
product, the triglyceride composition remains nearly unchanged (GPC - gel per- 
10 meation chromatography) and the double bonds of the fatty acid chains are nearly 
completely saturated (iodine number). 

Table 3 

Properties of the prehydrogenated product 

15 



Analysis 


Rapeseed oil feed 


Prehydrogenated 
product/150 °C 


Prehydrogenated 
product/250 °C 


GPC analysis 








- oligomers, % 


0 


0 


0,2 


- triglycerides, % 


97 


95,9 


94,9 


- diglycerides, % 


2,3 


3,1 


3,5 


- monoglycerides, % 


0 


0 


0 


- fatty acids or hy- 








drocarbons, % 


0,7 


0,9 


1,3 


Iodine number 


112 


1 


2 



